Objective: An important question in implementation/dissemination research is whether the efficacy of a given treatment varies in part based on the therapist delivering the treatment. This study sought to provide practical guidance to researchers in the field of eating disorders for building measurement of therapist effects into the design of a typical, relatively small randomized controlled trial (RCT).
Introduction
In clinical psychology, a therapist effect is in evidence when treatment outcomes differ among therapists administering the same treatment. Past work has shown mixed results regarding therapist effects. The majority of studies examining the issue have found minimal or no therapist effects [1] [2] [3] [4] but some studies have reported significant therapist effects. [5] [6] [7] Evidence suggests that therapist effects are less likely when treatments are highly standardized (e.g., manual-based treatments) or therapists are highly skilled, experienced, and well trained. 3, 4 Most randomized controlled trials (RCTs) in clinical psychology have not been designed to have sufficient power to detect therapist effects. Also, the majority of RCTs have ignored therapist effects in the analysis. 4 These may be among the reasons why therapist effects have seldom been reported. Lack of attention to therapist effects is unfortunate, because therapist effects can have important implications. If treatment outcomes differ significantly among therapists, this points to barriers in generalizing the treatment to other settings-extensive training, clinical aptitude, or experience might be required to administer the treatment effectively. On the other hand, if there is no intertherapist variability in outcomes, this may point to a treatment that can be readily and effectively administered by a variety of therapists. Thus, therapist effects can have profound implications for the generalizability of trial results.
Although large trials offer the opportunity for a more definitive study of therapist effects, smaller trials are typical in the eating disorders field and may remain so in a limited funding climate. For example, one compilation of published, RCTs on binge eating disorder (BED)/bulimia nervosa (BN) included 12 separate trials, with sample sizes ranging from 50 to 204 and an average sample size of 110. 8 For this reason, the present article focuses on approaches to studying therapist effects in small trials (200 or fewer participants, including both treatment and control/comparison groups).
The typical small sample size of RCTs in the eating disorders field limits the analyses and inferences that the results can support. A key consideration is whether therapist effects will be analyzed as fixed or random. In a fixed effects analysis, differences among the therapists in the trial are estimated, without attempting to generalize the difference among therapists in the trial to a larger population of therapists. In a random effects analysis, on the other hand, the therapists in the trial are regarded as a sample from a larger population and variation among therapists in the trial (sample) is used to estimate variation among therapists in the population. Major differences between the fixed and random effects approaches are summarized in Table 1 .
For a definitive study of therapist effects, a random effects analysis is ideal, because it enables generalization to a broader population of therapists and it enables modeling of potentially important features of the data (heteroscedasticity and intratherapist correlation). However, a random effects analysis may not be feasible in small RCTs. Brown and Prescott 9 recommended that there be at least five clusters for a random effects analysis (in this article, therapists are the clusters). Although this is only a rule of thumb, it has face validity-one would hesitate to generalize to a larger population of therapists after having observed fewer than five or so. Typically, one would want to observe more than five therapists before feeling comfortable about generalizing to a larger population. Another problem is that selection of therapists for an RCT often violates the assumption of representative (ideally random) sampling from a larger population required for a random effects analysis. Therapists in an RCT may be carefully selected from a limited group of therapists, for example, graduate students at a single university. Therapists may be selected based on their interest in the study, their aptitude, and their perceived ability to administer the treatment effectively. Given such selection criteria, it may not even be clear what larger population of therapists is appropriate for inference. Finally, based on the small sample size of patients in a typical RCT on eating disorders, the data may not be able to support the complex modeling of variance structures involved in a random effects analysis (heteroscedasticity, intratherapist correlation). The variance estimates could easily be influenced by outliers and leverage points; thus, complex modeling of variance structures could be misleading rather than informative. For these reasons, it is arguable that a fixed effects approach may be the only feasible option in many small RCTs, despite the limitations of this approach.
The methodological literature on therapist effects has focused on random effects analyses, 4,10,11 while relatively little attention has been given to the fixed effects approach. An exception was Siemer and Joormann, 12 who contrasted random versus fixed therapist effects and recommended the latter due to greater power to detect therapist effects. In response, Serlin et al. 13 argued that this power is bought at the price of severe limitations to generalizability of the study findings. We agree with Serlin et al. that a random effects approach, when feasible, is needed for a conclusive study of therapist effects; power does not justify the choice of a fixed effects approach. However, the results of a random effects analysis for analyzing therapist effects are likely to be weakly supported and perhaps misleading in a typical, small RCT in the eating disorders field; therefore, this article focuses on the fixed effects approach, while acknowledging the limitations.
The main objective of this article is to provide practical guidance to researchers who are designing and analyzing RCTs on treatments for eating disorders (BN/BED), highlighting upsides and downsides of various approaches to investigating therapist effects. Attention is given to practical as well as design and analysis considerations. Among the key questions addressed are, if the investigator intends to estimate therapist effects in a typical, small RCT, what is the optimal number of therapists to employ? What are the implications of using different numbers of therapists? To quantify the effect of varying the number of therapists, we estimate the power to detect therapist effects under several scenarios in a typical, small trial of BED/BN treatment. The assumed design involves a single treatment, administered by multiple therapists, compared with no-treatment control; this is a frequently used design in RCTs in eating disorders. [14] [15] [16] [17] Monte Carlo simulations were used to estimate power to detect therapist effects, varying the number of therapists and the size of the therapist effect, while holding constant the study design and patient sample size.
Method
Power to estimate therapist effects under some specific scenarios is illustrated in the context of a RCT of guided self-help (GSH) compared with a no-treatment control, for the treatment of BED and BN. The primary outcome was the count of episodes of binge eating during the past month. This outcome is assumed to be measured at baseline and post-treatment (i.e., after 12 weeks of treatment). The primary hypothesis is that treatment with GSH (compared with no GSH) will result in a greater reduction of binge eating at post-treatment.
According to the study design, eligible participants are randomized to either GSH (n 5 50) or no-treatment control (n 5 50). Prior analyses estimated that a sample size of 50 per group would provide sufficient power to test the primary hypothesis regarding the treatment effect, assuming a 33% reduction in binge eating in the GSH group and a 10% reduction in the control group. The simulations assumed a population with specific characteristics (based on past literature on RCTs for BN/ BED), as opposed to resampling from existing data. The assumptions used in the therapist-effect power calculations were based on comparable past studies, 15, [18] [19] [20] [21] [22] specifically: (1) generalized linear models including a fixed effect for therapist is the analytic technique (normal distribution, identity link function); (2) the outcome (dependent) variable is frequency of binge eating in the last month, at post-treatment, represented as being on a continuous scale; (3) the only covariate is the frequency of binge eating in the last month, at baseline; (4) the significance of the therapist effect is tested-the null hypothesis is: D therapist #1 5 . . . 5 D therapist #n (n ranges from 2 to 5), where D is the difference in frequency of binge eating between baseline and control at post-treatment, for patients of a given therapist (in other words, this tests whether each therapists' patients have the same degree of remission in binge eating between baseline and post-treatment, compared to the control patients); (5) the alpha level for the tests will be 0.05; (6) equal numbers of participants are randomly assigned to the GSH and control groups; (7) in both groups, the raw mean (Standard Deviation (SD)) of frequency of binge eating at baseline is 9.9 (14.4) per month; (8) the outcome is positively skewed and log-transformed before analysis; (9) there is a 10% reduction in binge eating in the control group (assuming some spontaneous recovery) and a 33% reduction in the GSH group (33% was the smallest reduction found in comparable past studies, and is used to be conservative); and (10) there is 30% attrition between baseline and post-treatment.
Statistical tests were done separately for the treatment main effect (H 0 : degree of remission in binge eating in the treatment condition averaged across therapists 5 degree of remission in binge eating in the control condition) and for the therapist effect (H 0 : degree of remission in binge eating in patients of therapist #1 5 degree of remission in binge eating in patients of therapist #2 5 . . . 5 degree of remission in binge eating in patients of therapist #n). Note that the assumed RCT design does not enable estimation of a treatment-by-therapist interaction in the usual sense (i.e., the differential therapist effect in treatment vs. control) because the therapists do not administer the control condition. An RCT design with multiple treatments, where each therapist administers each treatment/condition, would enable estimation of a treatment-by-therapist interaction, but such a design is beyond the scope of this article.
Factors varied in the simulations were (1) the number of therapists (between 2 and 5) and (2) the estimated therapist effect size (small, medium, and large). Patient sample size and study design were held constant. Within a simulation, all therapists were assigned the same number of patients, except when the number of patients was not evenly divisible by the number of therapists, in which case the remaining patients were randomly allocated to therapists. Following Grissom and Kim, 23 the therapist effect size was defined as (max. therapist mean) 2 (min. therapist mean)/common SD; a ''large'' effect was defined as a difference of four binge eating episodes (BE), ''medium'' as three BE and ''small'' as two BE. The simulations examined 12 different scenarios, defined by crossing number of therapists with therapist effect size ( Table 2) . Table 2 describes the average tendencies in each scenario. Because the Monte Carlo simulations incorporate a realistic degree of sampling variability, means may vary widely among samples drawn from the population described in a given scenario.
Monte Carlo simulations were used to estimate power to detect the therapist effect. 24, 25 Briefly, using this method, assumptions are made about the true characteristics of the population. Then repeated samples are drawn with replacement from the specified population.
There is a realistic element of randomness that induces variation between the samples. This simulates what would actually be observed if one repeatedly kept doing studies of random samples of participants drawn from the population. In each sample, the statistical test of interest is performed (in this study, this is the omnibus test of the therapist effect, where the null hypothesis is that none of the therapists differ in treatment outcomes).
Power is the proportion of samples that have a significant test result.
Simulations were conducted using SAS 9.2 (SAS Institute, Cary, NC). To estimate power, we drew 500 random samples for each scenario and summarized the results of the test of therapist effect across samples. Details of the methodology, including SAS code, are available. 26 
Results
In all scenarios, power to detect the treatment main effect (i.e., the test of treatment averaged across therapists, compared with control) was greater than 80%. Power to detect therapist effects in each scenario is shown in Table 3 . Only with the largest effect size, with two therapists, did power to detect the therapist effect exceed the conventional level of 80%. However, there was reasonable power (70%) to detect the therapist effect with three or four therapists and a large effect size, or two therapists and a medium effect size.
Discussion
The main objective of this article was to provide practical guidance to researchers on how best to approach therapist effects in the context of a typical, small RCT for eating disorders. Of the two main approaches for analyzing therapist effects (fixed vs. random), the fixed effects approach may be most feasible in small trials, although it has limitations in terms of generalizability and modeling of certain aspects of the data. Power using the fixed effects approach equates to power to detect differences among the specific therapists in the trial. This is not the same as power to estimate therapist effects in the population of therapists, regarding the therapists in the trial as a sample; this would require a random effects analysis. A properly designed random effects study would be the gold standard to estimate therapist effects, but it would require a large sample of therapists (at least five, preferably more) and therapists would need to be purposively sampled to enable inference to some specified population.
In the simulations, power to detect therapist effects increased as the size of the therapist effect increased and as the number of therapists decreased. The former finding is to be expected, although this study makes a contribution by quantifying the power in specific scenarios. The latter finding also makes sense-the smaller the number of therapists, the greater the number of patients within each (because the total patient sample size was held constant); thus, the more information available to make conclusions about the effectiveness of the therapist. n/a n/a 2.0 Two 9.9 8.9 5.6 7.6 n/a n/a n/a 2.0 Notes: Percentages in table represent the number of simulated trials (of 500 simulations) for which a significant therapist effect was found, which is an estimate of the power to detect the therapist effect size.
PRACTICAL GUIDANCE ON THERAPIST EFFECTS
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The simulation results imply that if therapist effects are analyzed as fixed, it is preferable to minimize the number of therapists, to maximize the information about the effectiveness of each therapist. Does this mean that the optimal number of therapists is two? We believe that the answer is no, based on three considerations. First, there are practical reasons to involve more than two therapists. Therapists may drop out during the course of a trial. It is useful to have a pool of trained backup therapists available if needed. If there are only two therapists involved in a trial, and one therapist stops participating, the trial timeframe is likely to be extended (because all treatment falls to a single therapist) and the trial itself might be jeopardized. For this reason alone, it is worthwhile to consider involving at least three or four therapists.
Second, there is little value in detecting small therapist effects. For nearly every treatment, there will probably be at least a very small therapist effect-it is unrealistic to think that therapists will be exactly equal in treatment effectiveness or that patients, even randomly assigned, will have the exact same response to therapy. However, there is no reason to set up a trial and analysis to detect therapist effects that are so small as to be practically unimportant. The important consideration is ability to detect large, practically important therapist effects. The simulation study presented above provided example definitions of small, medium, and large therapist effects. The results suggest that in a typical small RCT on eating disorders, three or four therapists can be employed with reasonable power (70%) to detect large therapist effects.
Third, although one may not be able to conclusively generalize results to a larger population of therapists based on a small trial with a nonrandom sample of therapists and a fixed effects analysis, using a greater number of therapists provides a better sense of intertherapist variation in administration of the treatment, which may be helpful for future research, including the design of larger trials designed specifically to estimate therapist effects. Variation among three or four therapists may provide a better sense of the therapist effect (at least qualitatively) than does variation among two therapists.
In this article, the therapist effect is defined as the intertherapist difference in outcomes for a single treatment-specifically, the difference between therapists in their patients' BE reduction between baseline and post-treatment, holding constant the type of treatment administered. In RCTs where each therapist administers multiple types of treatment, the therapist effect may also be defined in terms of the therapist-by-treatment interaction, that is, the difference in outcomes for a therapist administering treatment A versus treatment B. These are different ways of defining therapist effects. Both definitions are informative and intuitive.
How should therapists be selected for the typical, small RCT for eating disorders? The ideal may be to select three or four skilled therapists and provide them with extensive, standardized training. Then the results will indicate whether the treatment can be effectively and consistently administered by a group of skilled, well-trained therapists. In other words, the results will indicate whether the treatment can be effective under relatively favorable conditions. If there is a treatment effect but no therapist effect, this suggests that the treatment can be effectively and consistently administered under relatively favorable conditions. On the other hand, if there is a therapist effect (i.e., the therapists differ in their treatment outcomes), this suggests that the treatment does not consistently succeed under such conditions. If each therapist has a relatively large sample of patients, then having a sample of three or four skilled, well-trained therapists provides more certainty about the nature of therapist differences than does a sample of two therapists. If there is a therapist effect with two therapists, it is uncertain whether the treatment was ineffective or whether one of the therapists was ineffective. However, if there are three or four therapists and the majority show favorable treatment outcomes, this more strongly suggests that the treatment can be effective and the outlying therapist failed to administer the treatment effectively.
One might also view an initial, relatively small trial as a pilot study with respect to therapist effects. Leon et al. 27 recommend using pilot studies to test the feasibility of various aspects of a trial. Therapist effects in an initial trial might be viewed as a pilot indicating the feasibility of therapist selection and training methods. If a treatment effect is present but there is no therapist effect, this suggests that the therapist selection and training methods were adequate. On the other hand, if therapists differ in treatment outcomes, this points to inadequate therapist selection and/or training methods that need to be improved before conducting a larger trial.
The forgoing discussion assumes that patients are randomly assigned to therapists. Patients vary in the severity of their condition, so it is possible that a spurious therapist effect could result from assignment of sicker patients to one of the therapists, by chance. This is a possibility in any trial, but especially in small trials.
Although the objective of this article was to provide practical advice for designing and analyzing RCTs on eating disorders, most of the points discussed are applicable to psychotherapy RCTs in other fields as well. However, the power analysis results, here indicating that three or four therapists will be sufficient to detect relatively large therapist effects, will not necessarily be the same for RCTs for other disorders. Many RCTs for BN/BED have used similar designs (pre/post, treatment vs. control) and measures (e.g., the Eating Disorders Examination), so it is possible to describe a typical RCT in BN/BED and to base power calculations on the results of such trials. In RCTs on other disorders, there may be less consistency in measurement methodologies and the primary outcome measures may have a different distribution; therefore, a different number of therapists might be recommended.
Importantly, the simulation results reported here assumed a particular RCT design, namely a single treatment administered by multiple therapists, compared with no-treatment control. This design has been frequently used in the eating disorders field (e.g., Refs. 14-17), but other designs have also been used. For example, some RCTs have compared multiple treatments, either administered by the same therapists (treatments crossed with therapists, e.g., Refs. 28-30) or with different therapists administering different treatments (treatments nested within therapists, e.g., Refs. [31] [32] [33] . The recommended number of therapists will likely vary based on the RCT design among other factors. These other designs are beyond the scope of this article. Practical recommendations for approaching therapist effects using these designs in eating disorders research would be a worthwhile topic for future work.
The simulation results reported here are also applicable to RCT designs where a single treatment administered by multiple therapists is compared with another treatment that does not involve therapists, for example, medication-only (e.g., Ref. 34) or pure self-help (e.g., Ref. 35 ). In such designs, the assumed treatment main effect may be reduced, but the therapist effect (i.e., the difference between therapists in the therapist-administered treatment condition) will be approximately the same as reported here.
In summary, this study points to several practical suggestions for investigators conducting typical, small RCTs (200 total patients) for eating disorders (BN/BED): (1) use a fixed effects approach to analyze therapist effects; (2) regard the therapist effects analysis as conclusive with respect to the specific therapists in the trial, but as inconclusive with respect to the population of therapists; and (3) employing about three or four therapists is likely to be practical, while providing sufficient power to detect large therapist effects and insight into the nature of therapist differences (if there are any).
